The ERG24 gene, encoding the C-14 sterol reductase, has been reported to be essential to the aerobic growth of Saccharomyces cerevisiae. We report here, however, that strains with null mutations in the ERG24 gene can grow on defined synthetic media in aerobic conditions. These sterol mutants produce ignosterol (ergosta-8,14-dienol) as the principal sterol, with no traces of ergosterol. In addition, we mapped the ERG24 gene to chromosome XIV between the MET2 and SEC2 genes. Our results indicate that ignosterol can be a suitable sterol for aerobic growth of S. cerevisiae on synthetic media and that inactivation of ERG24 is only conditionally lethal.
The conversion of lanosterol to ergosterol in Saccharomyces cerevisiae requires at least nine different enzymatic reactions (14, 16) . Most of the genes encoding these enzymes have been cloned and sequenced, and a pattern has begun to emerge regarding the requirement of these genes for cell growth. Insertional inactivation of these genes leads to the synthesis of nonergosterol sterols which may or may not be suitable for one or more essential functions in the cell. In addition, inhibitors of at least three different enzymes in this pathway have potent antifungal properties.
The inactivation of the ERG2 (2), ERG4 (10), ERG6 (8) , and ERG3 (1, 21) genes has been shown to be nonlethal under routine laboratory conditions, an indication that S. cerevisiae may tolerate some degree of structural differences in sterols. Mutations in ERG11 and ERG24 have been shown to be lethal under aerobic conditions (9, 13) . Lethality of ERG11 mutants may be suppressed by a mutation in ERG3, the structural gene for the C-5 sterol desaturase (22) . Mutations in ERG11 are believed to result in the accumulation of an unusual sterol, ergosta-14␣-methyl-8,24(28)-diene-3␤,6␣-diol, as a result of the action of the C-5 sterol desaturase on 14␣-methyl fecosterol (24) , whereas erg11 erg3 double mutants accumulate and survive with 14␣-methyl fecosterol as the primary sterol (4, 22) .
We have previously cloned and sequenced ERG24, the structural gene for the C-14 sterol reductase (12) . This reaction is a primary target for the morpholine antifungal agents and 15-azasterol (3, 5) . Inactivation of ERG24 leads to the accumulation of ergosta-8,14-diene-3␤-ol (ignosterol) as the primary sterol (12) . The identification of the ERG24 gene as the gene coding for the C-14 sterol reductase has been confirmed, and the essentiality of the C-14 sterol reductase in yeast cells growing aerobically on a rich medium has been repeated (10, 13) . This implies that ignosterol is an unsuitable sterol for cell growth under those conditions.
To study the essentiality of the ERG24 gene for the growth of S. cerevisiae, we insertionally inactivated the ERG24 gene by the one-step gene disruption technique (17) . The strain CJ153 (Table 1) was generated by the transformation of the wild-type, Leu Ϫ diploid strain CJ93 with a linearized XbaI-XhoI fragment from the plasmid pERG24KO, which contains a disruption of the ERG24 gene with the LEU2 marker gene (12) . The Leu ϩ diploid (CJ153) was then induced to sporulate, and the resulting ascospores were dissected to separate the haploid cells. Upon germination of the spores aerobically on YPD medium (0.5% yeast extract, 1% peptone, 2% agar [Difco Laboratories, Detroit, Mich.], 2% glucose), a 2:2 segregation of viable and nonviable spores was observed (Fig. 1 ). All viable spores were determined to be Leu Ϫ , indicating that nonviability was associated with the insertional inactivation of the ERG24 gene with the LEU2 marker gene. We also germinated spores anaerobically at 30ЊC in an anaerobic chamber with BBL GasPak Plus anaerobic system envelopes (Becton Dickenson, Cockeysville, Md.) on YPD medium supplemented with (per liter) 2 ml of a 5-mg/ml stock solution of ergosterol (Sigma Chemical Co., St. Louis, Mo.) in a 1:1 (vol/vol) solution of ethanol-Tergitol Nonidet P-40 (Sigma Chemical Co.) and 1 ml of a 10% stock solution of oleic and palmitoleic acids (Sigma Chemical Co.) at a ratio of 4:1 (vol/vol) in a 1:1 solution of ethanol-Tergitol Nonidet P-40, which yields a final concentration of 10 g of ergosterol per ml and 0.01% unsaturated fatty acids in the anaerobic growth medium. Anaerobic germination of spores, however, allowed growth of all four spores from each tetrad (Fig. 1) . Anaerobic growth precludes de novo sterol synthesis, and the cells can then utilize the supplemented ergosterol. These results are in agreement with data reported by other researchers (10, 13) . Addition of ergosterol to spores germinated aerobically on YPD media did not rescue viability (data not shown), as aerobic growth does not allow the uptake of sterols from the growth medium (23) . We also transformed an erg24::LEU2 ura3 his3 strain to histidine and uracil prototrophy with a YEp352 plasmid bearing both functional HIS3 and URA3 genes and determined that the strains remained unable to grow in rich medium, indicating that a defect in uptake of uracil or histidine is not responsible for the growth defect in rich medium.
To assess the essentiality of the ERG24 gene under aerobic growth conditions, we also germinated spores from CJ153 on a complete synthetic growth medium made as described elsewhere (18) and buffered with 50 mM succinate-KOH (pH 5.5). All four spores from tetrads were viable, even when grown aerobically (Fig. 1) . Spores from CJ153 were also germinated on synthetic complete medium with yeast extract and peptone to determine whether an inhibitor(s) may prevent the growth of the ignosterol-producing strains. Although all spores germi-nated on this medium, the growth of ignosterol-producing strains was somewhat diminished (Fig. 1) . UV spectral analysis of extracted sterols of individual spores from tetrads confirmed that synthesis of the aberrant sterol, ignosterol (ergosta-8,14-dienol), was associated with leucine prototrophy. Southern blot analysis confirmed the disruption of the chromosomal ERG24 gene (data not shown).
The Leu ϩ segregant, SCV-1, and an isogenic wild-type strain were subjected to sterol analysis by gas chromatography-mass spectrometry (GC-MS) as described elsewhere (7, 12, 15) . Ignosterol was the principal sterol produced in the mutant strain, whereas ergosterol was the predominant sterol in the wild-type strain (Table 2 ). Strain SCV-1 produced a variety of ⌬8,14 sterols with no trace of ergosterol or other ⌬5,7 sterols. Ergosta-8,14,22-trienol was often observed as a shoulder on the peak of ignosterol in gas chromatography analyses. In addition, we observed a small peak with a long retention time relative to that of cholesterol (2.28) ( Table 2 ). When nonsaponified sterols were separated by thin-layer chromatography as described elsewhere (20) , this compound had an R f value of 0.041 (R f for ergosterol ϭ 0.462) and its UV spectra indicated the presence of the ⌬8,14 conjugated double bonds. The mass spectral analysis of this compound was consistent with its identification as ergosta-8,14-diene-3␤,6␣-diol (m/e, 414), which had been shown to accumulate in fenpropimorph-treated S. cerevisiae cultures (11) .
We took advantage of the fact that strains containing the erg24::LEU2 null mutation could be grown on synthetic complete medium to genetically map the ERG24 gene. We initially determined the location of the ERG24 gene to be on chromosome XIV by hybridization of a radioactive ERG24 DNA probe to a yeast chromosomal Southern blot. In addition, we hybridized the same probe to a set of lambda-clone grid filters containing yeast genomic DNA segments covering the entire yeast genome. From this we determined that the ERG24 gene was near the MET2 and SEC2 genes on the right arm of chromosome XIV. Meiotic mapping of the ERG24 gene was performed by crossing 13BKO (erg24::LEU2) with SY-100 (sec2) and SY-103 (met2), and the frequency of recombination was determined. The map distance in centimorgans of ERG24 from SEC2 and MET2 was determined from the formula 50 ϫ [(TT ϩ 6NPD)/(PD ϩ NPD ϩ TT)], where NPD is the number of nonparental ditypes, TT is the number of tetratypes, and PD is the number of parental ditypes found (19) . Meiotic mapping confirmed that the ERG24 gene is between the MET2 and SEC2 gene on chromosome XIV (Table 3) .
We demonstrate here the ability of otherwise wild-type S. cerevisiae to grow aerobically with a null mutation in the ERG24 gene. The resulting mutant can survive with ignosterol as the principal sterol. Interestingly, the ERG24 null mutant cannot grow on rich YPD media but can grow on routine synthetic complete medium. Thus, it appears that ignosterol is a suitable sterol for growth; however, it may not be an appropriate sterol for growth under specific conditions. 
